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The water-soluble methyl ester of amphotericin B inactivates vesicular sto-
matitis virus in association with morphological alterations of the envelope.

The biological effects of the polyene-macrol-
ide antimicrobial agents depend upon a high
affinity for sterols in the cell membrane of sus-
ceptible organisms (6). This class of compounds
is active against fungi, mycoplasmas, and pro-
tozoa, but not bacteria, because the bacterial cell
membrane does not depend upon sterols for
stabilization. Recently, a water-soluble deriva-
tive of amphotericin B, the methyl ester (AME),
has been shown to possess antiviral activity
against certain enveloped viruses, including the
rhabdovirus vesicular stomatitis virus (VSV; 3,
5, 7). Antiviral activity could not be demon-
strated against the unenveloped echovirus type
11 or adenovirus type 4 (3). We report here on
the morphological changes that result in VSV
after exposure to AME.
The Indiana strain of VSV was kindly sup-

plied by R. S. Chang, School of Medicine, Uni-
versity of California, Davis. Virus stocks were
grown in primary chicken embryo cells. Crude
virus was clarified by centrifuging at 121 x g for
15 min. Virus was sedimented from the super-
natant solution by centrifuging at 21,000 x g for
90 mim in a Spinco 30.1 rotor. The virus pellet
was suspended in 1 ml of TEN buffer
[ Tris (hydroxymethyl) amino - methane - hydro-
chloride (0.01 M)-ethylenediaminetetraacetic
acid (0.001 M)-NaOH (0.1 M) pH adjusted to
7.3 with HCI (1 M)] and layered onto a pre-
formed continuous 10 to 50% (wt/vol) sucrose
gradient. The sucrose gradient was centrifuged
in a Spinco SW41 rotor at 112,500 x g for 120
min, and the fraction containing the light-scat-
tering B band (infectious virus) was collected.
The titer ofthe concentrated VSV as determined
by the plaque method in L-cells was 5.0 x 109
plaque-forming units per ml. AME, as the hy-
drochloride, was kindly supplied by C. P. Schaff-
ner, the Waksman Institute of Microbiology,

Rutgers University, New Brunswick, N. J. Mix-
tures composed of one-fourth part of concen-
trated VSV and three-fourths part ofAME at a
final concentration of 100 ,ug/ml were prepared
and incubated for 60 min at 4 and 37°C, respec-
tively. Hanks balanced salt solution was used in
the controls. The mixtures were agitated with a
Vortex mixer halfway through the incubation
period. After incubation, samples ofthe mixtures
were removed for virus assay and electron mi-
croscopic examination. A drop of the mixture

FIG. 1. Untreated VSV. x9O,000.

was placed onto a carbon-coated Formvar grid
for 10 min. The excess fluid was blotted off with
a filter paper, and the sample was stained with
neutral 2.5% phosphotungstate for 2 min before
it was examined in an AEI EM-6B electron
microscope.
Exposure of VSV to AME at a concentration

of 100 ,ig/ml resulted in a 100- to 1,000-fold
decrease in infectivity, depending upon the tem-
perature at which the drug-virus interaction
took place (Table 1). In comparison with the
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TABLE 1. Effect ofAME on VSV morphology and infectivity
Temp Sample Titer (PFU0/ml) Fields examined Virions counted No. Deformed % Deformed'

40C AME 3.4 x 107 18 136 71 52.2
Control 2.0 x 109 10 156 1 0.6

370C AME 1.0 x 104 24 211 178 84.3
Control 1.4 X 107 10 129 5 3.8

a PFU, Plaque-forming units.
bIn chi-square analysis for preparations exposed to AME at both temperatures, P < 0.005.

FIG. 2. VSV exposed to AME (100 pg/ml) for 60
min at 37°C. x100,000.

typical bullet-shaped appearance of the control
preparations (Fig. 1), many damaged particles
were seen after exposure to AME. The most
characteristic change was a bulbous deformnity
seen at the blunt end of the virion (Fig. 2 and 3).
A similar appearance has been described for two
plant rhabdoviruses, potato yellow dwarf virus
and rice transitory yellowing virus (2, 4). It has
been speculated that the spherical deformity in
these plant viruses is an artifact of fixation. In
the case of VSV, deformed particles were seen
significantly more often after treatment with
AME than in control preparations, both at 4 and
370C (Table 1). A statistically significant (P <
0.005) increase in deformed particles was seen in
preparations exposed to AME at 370C in com-
parison with AME exposure at 40C. It is unlikely
that the morphological alterations of the virion
result from the conditions of preparation, be-
cause control samples prepared in the same
manner as drug-treated viruses appeared to be
undamaged. Studies by Bates and Rothblat (1)
demonstrated that changing the sterol compo-
sition of the VSV envelope from cholesterol to
desmosterol did not alter its stability or infectiv-
ity. Whereas the kind of sterol present does not
appear to affect the infectivity of VSV, the pol-
yene antibiotics have a high affinity for all ster-
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FIG. 3. VSV exposed to AME (100 pg/ml) for 60
min at 4°C. X100,000.

tation that the water-soluble AME interacts
ols. Our data are consistent with the interpre-
with sterols of the viral envelope, resulting in
morphological alterations of the virion and loss
of infectivity.
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